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DGGLQJFKURPLXPQLWULGHRUVLOLFRQPDQJDQHVHQLWULGHDOOR\WRLQFUHDVHQLWURJHQFRQWHQWPHWKRGVRIKLJKSUHVVXUHWR
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KLJKVWUHQJWKVWHHOIRUWUDQVSRUWDEOHSUHVVXUHYHVVHO
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FDVWLQJ VODEZLWK WKH WKLFNQHVV RI aPP VODE DXVWHQLWL]LQJ WHPSHUDWXUH LQ WKH UDQJH RI  WR ć
URXJKLQJ UROOLQJ WHPSHUDWXUH !ć  VWDUWLQJ WHPSHUDWXUH IRU ILQLVKLQJ UROOLQJć  ILQLVKLQJ UROOLQJ
WHPSHUDWXUHLQWKHUDQJHRIaćFXPXODWLYHFRPSUHVVLRQSHUFHQWDJH!DFFHOHUDWLQJFRROLQJE\ODPLQDU
FRROLQJDIWHU UROOLQJZLWKFRROLQJUDWH>@ LQaćV ILQLVKHG WKLFNQHVVRI WKHSODWHZDVPP$VUROOHGVWHHO
SODWHZDVWDNHQWRPDNHGLIIHUHQWKHDWWUHDWPHQWH[SHULPHQWVE\XVLQJNZHOHFWULFUHVLVWDQFHIXUQDFHLQ:,6&2
SLORWSODQWZKLFKZHUHQRUPDOL]HGDWćUHVSHFWLYHO\DQGLQVXODWHGIRUPLQWKHQDLUFRROHGWRURRP
WHPSHUDWXUH 7KH RSWLFDO KHDW WUHDWPHQW SURFHVVHG:+( LQGXVWULDO ILQLVKHG VWHHO SODWH ZLWK WKH WKLFNQHVV RI
PPZDVPDFKLQHGLQWRSODWHZLWKWKHEXWWJURRYHDQJOHRIeIRUDUFZHOGLQJ7KHSODWHZDVZHOGHGZLWKKHDW
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ODWHUDO LPSDFW WHVW VSHFLPHQVZHUH WDNHQ IURP DVUROOHG SODWH DQG GLIIHUHQW QRUPDOL]HG SURFHVVHG VWHHO SODWH WKH
VSHFLPHQVRIDERYHPHQWLRQHGVL]HZHUHDOVRWDNHQIURPZHOGHGMRLQWSDUWRIZHOGHGSODWHIRUPHFKDQLFDOWHVWV
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VWDWHHORQJDWLRQZDVLQFUHDVHGDQGWKHYDOXHRI.9LPSDFWHQHUJ\DWćZDVDOVRLQFUHDVHG6SHFLILFFKDQJHV
RIPHFKDQLFDOSURSHUWLHVZHUHDVIROORZVZKHQDVUROOHGVWHHOSODWHZDVJRLQJWKURXJKćQRUPDOL]LQJSURFHVV
WKHYDOXHRI\LHOGVWUHQJWKZDVGHFUHDVHGIURP03DWR03DZKLOHLWVWHQVLOHVWUHQJWKYDOXHZDVGHFUHDVHG
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IURP03DWR03DWKHUDWLRRI\LHOGVWUHQJWKWRWHQVLOHVWUHQJWKZDVUHGXFHGIURPWRLWVHORQJDWLRQ
ZDVLQFUHDVHGIURPWRDQGWKHYDOXHRI.9LPSDFWHQHUJ\DWćZDVDOVRLQFUHDVHGIURP-WR-
:KHQDVUROOHGVWHHOSODWHZDVJRLQJWKURXJKćQRUPDOL]LQJSURFHVVWKHFKDQJHVRILWVPHFKDQLFDOSURSHUWLHVLQ
FRQWUDVWWRWKHSODWHSURFHVVHGE\ćQRUPDOL]LQJZHUHVKRZQWKDWWKH\LHOGVWUHQJWKZDVLQFUHDVHGE\03D
WKHWHQVLOHVWUHQJWKZDVGHFUHDVHE\03DWKHUDWLRRI\LHOGVWUHQJWKWRWHQVLOHVWUHQJWKZDVLQFUHDVHGE\WKH
HORQJDWLRQZDVUHGXFHGE\DQGWKHYDOXHRI.9LPSDFWHQHUJ\DWćZDVLQFUHDVHGE\-:KHQDVUROOHG
VWHHOSODWHZDVIXUWKHUJRQHWKURXJKćQRUPDOL]LQJSURFHVVWKHFKDQJHVRILWVPHFKDQLFDOSURSHUWLHVLQFRQWUDVW
WRWKHSODWHSURFHVVHGE\ćQRUPDOL]LQJZHUHVKRZQWKDWWKH\LHOGVWUHQJWKZDVLQFUHDVHGE\03DWKHWHQVLOH
VWUHQJWKZDVGHFUHDVHE\03DWKHUDWLRRI\LHOGVWUHQJWKWRWHQVLOHVWUHQJWKZDVLQFUHDVHGE\WKHHORQJDWLRQ
ZDV UHGXFHG E\  DQG WKH YDOXH RI .9 LPSDFW HQHUJ\ DW ćZDV GHFUHDVHG E\ - 7KH LQIOXHQFH RI
QRUPDOL]LQJ WUHDWPHQW RQ PHFKDQLFDO SURSHUWLHV RI DVUROOHG VWHHO SODWH ZDV LQGLFDWHG WKDW ZKHQ QRUPDOL]LQJ
WHPSHUDWXUHZDVLQFUHDVHGDOOWKURXJKWKH\LHOGVWUHQJWKZDVILUVWGHFUHDVHGDQGWKHQLQFUHDVHGWKHWHQVLOHVWUHQJWK
RIQRUPDOL]HGSODWHZDVORZHUWKDQWKDWRIDVUROOHGSODWH WKHWHQVLOHVWUHQJWKRIQRUPDOL]HGSODWHZDVORZHUWKDQ
WKDWRIDVUROOHGSODWHDQG LWVYDOXHFKDQJHG OLWWOHZKHQQRUPDOL]LQJ WHPSHUDWXUHZDV LQFUHDVHG1RUPDOL]LQJKHDW
WUHDWPHQWZDVDGRSWHGWRLPSURYHLWVHORQJDWLRQEXWWKHHORQJDWLRQZDVUHGXFHGZKHQWKHQRUPDOL]LQJWHPSHUDWXUH
ZDVLQFUHDVHG7KHUDWLRRI\LHOGVWUHQJWKWRWHQVLOHVWUHQJWKZDVLQFUHDVHGZKHQWKHQRUPDOL]LQJWHPSHUDWXUHZDV
LQFUHDVHG$QGQRUPDOL]LQJKHDWWUHDWPHQWZDVDGRSWHGWRLPSURYHLWVORZWHPSHUDWXUHLPSDFWHQHUJ\YDOXHRQWKH
ZKROHLQWKHUDQJHRIQRUPDOL]LQJWHPSHUDWXUHIURPWRćWKHLPSDFWHQHUJ\YDOXHZDVLQFUHDVHGWKHQLW
ZDVGHFUHDVHGZKHQWKHQRUPDOL]LQJWHPSHUDWXUHZDVLQFUHDVHGWRćˈEXWLWVYDOXHVWLOOUHPDLQVDERYH-
3.2. Microstructure of as-rolled and heat-treated WH630E 
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0HWDOORJUDSKLFPLFURVWUXFWXUHLQUROOLQJGLUHFWLRQRIDVUROOHGSODWHDQGGLIIHUHQWQRUPDOL]HGSODWHZDVREVHUYHG
E\30(RSWLFDOPHWDOORJUDSKLFPLFURVFRSHDQGWKHDYHUDJHJUDLQVL]HRIWKHIHUULWHJUDLQVL]HZDVHVWLPDWHG
LQDFFRUGDQFHZLWKWKH*%70HWDOPHWKRGVIRUHVWLPDWLQJWKHDYHUDJHJUDLQVL]HWKHUHVXOWVZHUHVKRZQ
LQ)LJ0LFURVWUXFWXUHRIDVUROOHGSODWHZDVIHUULWHDQGSHDUOLWHWKHYROXPHIUDFWLRQRISHDUOLWHZDVDFFRXQWHGIRU
DERXWWKHDYHUDJHJUDLQVL]HRIIHUULWHZDVPP0LFURVWUXFWXUHRIćQRUPDOL]HGSODWHZDVIHUULWHDQG
SHDUOLWHWKHYROXPHIUDFWLRQRISHDUOLWHZDVDFFRXQWHGIRUDERXWWKHDYHUDJHIHUULWHJUDLQVL]HZDVPP
D E
F G
SHDUOLWH
IHUULWH
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0LFURVWUXFWXUHRIćQRUPDOL]HGSODWHZDVIHUULWHSHDUOLWHDQGDOLWWOHEDLQLWHWKHYROXPHIUDFWLRQRISHDUOLWHZDV
DFFRXQWHGIRUDERXWWKHDYHUDJHJUDLQVL]HRIIHUULWHZDVPP0LFURVWUXFWXUHRIćQRUPDOL]HGSODWH
ZDV IHUULWH DQG SHDUOLWH WKH YROXPH IUDFWLRQ RI SHDUOLWHZDV DFFRXQWHG IRU DERXW  WKH DYHUDJH JUDLQ VL]H RI
IHUULWHZDVPP









 

)LJ7(0LPDJHIRU:+('LVORFDWLRQGHQVLW\SUHFLSLWDWLRQDQGVWDWLVWLFDOVL]HDQDO\VLVIRUDVUROOHGVDPSOHDEF'LVORFDWLRQ
GHQVLW\SUHFLSLWDWLRQDQGVWDWLVWLFDOVL]HDQDO\VLVIRUćQRUPDOL]HGVDPSOHGHI'LVORFDWLRQGHQVLW\SUHFLSLWDWLRQDQGVWDWLVWLFDOVL]H
DQDO\VLVIRUćQRUPDOL]HGVDPSOHJKL'LVORFDWLRQGHQVLW\SUHFLSLWDWLRQDQGVWDWLVWLFDOVL]HDQDO\VLVIRUćQRUPDOL]HGVDPSOHMNO
G
M
D
J
9&1
E F
H I
L
 ON
K
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3.3. Microstructure of as-rolled and heat-treated WH630E 
'LVORFDWLRQGHQVLW\DQGLWVGLVWULEXWLRQZDVDQDO\]HGZLWKWKLQILOPRIDVUROOHGSODWHDQGGLIIHUHQWKHDWWUHDWPHQW
SODWHVE\7UDQVPLVVLRQHOHFWURQPLFURVFRSH7(0DQGSUHFLSLWDWHV VL]HDQGGLVWULEXWLRQZHUHDOVRDQDO\]HGZLWK
WKHFDUERQUHSOLFDRIPHWDOORJUDSKLFDOPLFURVWUXFWXUHE\7(07KHUHVXOWVZHUHVKRZQLQ)LJ
'LVORFDWLRQ ZDV REVHUYHG DQG FRPSDUHG ZLWKLQ WKH DFFXUDF\ RI aȝP SUHFLSLWDWHV ZDV REVHUYHG DQG
FRPSDUHGLQWKHDFFXUDF\RIȝPVWDWLVWLFDOGDWDRIWKHGLVORFDWLRQDQGSUHFLSLWDWHVZHUHVKRZQLQWDEOH
7DEOH3UHFLSLWDWHVVL]HDYHUDJHLQWHUSDUWLFDOHVSDFLQJDQGGLVORFDWLRQGHQVLW\IRUKRWUROOLQJRUGLIIHUHQWKHDWWUHDWHGVWDWH:+(
VWHHOSODWHV
VWDWH 3UHFLSLWDWHVDYHUDJHGLDPHWHUQP
DYHUDJHLQWHUSDUWLFDOH
VSDFLQJȝP
9ROXPHIUDFWLRQRI
SUHFLSLWDWHV
GLVORFDWLRQGHQVLW\
P
DVUROOHG
QRUPDOL]HGDWć
QRUPDOL]HGDWć
QRUPDOL]HGDWć












h
h
h
h

3.4. Welding process and welding performance 
3.4.1. welding cold cracking sensitivity test with Oblique Y-type groove 
'HOLYHUHG VWDWH :+( SODWH ZLWK WKH WKLFNQHVV RI PP VWHHO ZDV FDUULHG RXW WR ZHOGLQJ FROG FUDFNLQJ
VHQVLWLYLW\ WHVW ZLWK 2EOLTXH <W\SH JURRYH E\ XVLQJ ZHOGLQJ PDWHULDO RI ĭPP XOWUDORZ K\GURJHQ DQG KLJK
WHQDFLW\33-5+ZHOGLQJURGIRUDUFZHOGLQJ7KHZHOGLQJSURFHVVSDUDPHWHUVDUHVKRZQLQWDEOH
6XUIDFHFUDFNDQGVHFWLRQFUDFNRI<W\SHJURRYHZHOGLQJMRLQWIRU:+(SODWHZHUHREVHUYHG$IWHUKRI
ZHOGLQJ< W\SHJURRYH IRU:+(SODWH WKH VXUIDFH FUDFNZDV FKHFNHG WKHZHOGHGSODWHZDVGLVVHFWHG WR
FURVV VHFWLRQV DQG WKH VHFWLRQ VXUIDFHZDV SROLVKHG DQG HURGHGE\ DOFRKRO VROXWLRQZLWK YROXPHSHUFHQW RI
QLWULFDFLGWKHVHFWLRQDQGWKHURRWZDVREVHUYHGE\PDJQLI\LQJJODVVWKHUHVXOWVZHUHVKRZQDWWDEOH
7KH UHVXOW RI WKH WHVW LV VKRZQ WKDW WKHUH ZHUH QR VXUIDFH FUDFN DQG VHFWLRQ FUDFN IRU :+( SODWH ZLWK
SUHKHDWLQJ WHPSHUDWXUH QRPRUH WKDQ ć LWZDV LQGLFDWHG WKDW WKHZHOGLQJ SUHKHDWLQJ WHPSHUDWXUH FDQ EH QR
PRUHWKDQćLQRUGHUWRDYRLGGHIHFWRIZHOGLQJFUDFN
7DEOH:HOGLQJSURFHVVSDUDPHWHUVIRUFROGFUDFNLQJVHQVLWLYLW\WHVWZLWK2EOLTXH<W\SHJURRYH
3ODWHWKLFNQHVV
PP
3UHKHDW
WHPSHUDWXUH
ć
&XUUHQW
$
9ROWDJH
9
:HOGLQJ
VSHHG
PPLQ
/D\HU
WHPSHUDWXUH
ć
$PELHQWWHPSHUDWXUH
ć
5HODWLYH
KXPLGLW\

 ˘ a a a ˘  
7DEOH7KHUHVXOWVRIZHOGLQJFROGFUDFNLQJVHQVLWLYLW\WHVWZLWK2EOLTXH<W\SHJURRYH
3ODWHWKLFNQHVVPP
6XUIDFHFUDFNUDWH &URVVVHFWLRQFUDFNUDWH
6LQJOH9DOXH 0HDQ9DOXH 6LQJOH9DOXH 0HDQ9DOXH
 

 


3.4.2. Mechanical properties of WH630E plate with arc welding 
:HOGHG:+( SODWHZLWK WKH WKLFNQHVV RI PPZDV SURFHVVHG E\ VWUHVV UHOLHI 65 KHDW WUHDWPHQW 7KH
GHWDLOHGSURFHVVZDVWKDWKHDWSUHVHUYDWLRQWHPSHUDWXUHZDVLQWKHUDQJHRIaćZLWKKROGLQJWLPHIRUPLQ
WKHKHDWLQJDQGFRROLQJVSHHGZDVQRPRUHWKDQćK6SHFLPHQVIRUWHQVLOHWHVWFROGEHQGLQJDQGLPSDFWWHVWRI
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ZHOGPHWDODQGKHDWDIIHFWHG]RQHZHUHVDPSOHGIURPZHOGVWDWHDQG3:+7SRVWZHOGLQJKHDWLQJWUHDWPHQWVWDWH
:+(SODWHV WKHUHVXOWVDUHVKRZQLQWDEOH&RPSDUHGPHFKDQLFDOSURSHUWLHVRIZHOGHGVWDWH:+(ZLWK
3:+7:+(SODWH LWZDVIRXQG WKDW WKH WHQVLOHVWUHQJWKZDVGHFUHDVHGDQG.9 LPSDFWHQHUJ\DW ćZDV
DOVR GHFUHDVHG ZKHQ ZHOG VWDWH SODWH SURFHVVHG E\ 3:+7 ,Q RUGHU WR IXUWKHU LQYHVWLJDWH WKH HIIHFW RI 3:+7
SURFHVVRQPHFKDQLFDOSURSHUWLHVRIZHOGVWDWHSODWH9LFNHUVKDUGQHVV WHVWVZHUHFDUULHGRXWZLWKPHWDOORJUDSKLF
VDPSOHVIURPZHOGLQJMRLQWORFDWLRQRIZHOGVWDWHDQGZHOGVWDWH65:+(SODWH7KHUHVXOWVDUHVKRZQLQ)LJ
,WZDVVKRZQWKDW+9KDUGQHVVYDOXHRIZHOGLQJMRLQWORFDWLRQIRUZHOGHGVWDWH:+(SODWHZDVLQWKHUDQJH
RIWRZKLOH+9KDUGQHVVYDOXHRIZHOGLQJMRLQWORFDWLRQIRU3:+7SURFHVVHG:+(SODWHZDVLQWKH
UDQJHRIWRLWZDVLQGLFDWHGWKDWLQQHUVWUHVVFDQEHUHOLHYHGE\3:+7SURFHVVWKH+9KDUGQHVVFKDQJHV
DUHFRQVLVWHQWZLWKPHFKDQLFDOSURSHUWLHVIRURIZHOGVWDWHDQG3:+7:+(SODWHV
7DEOH0HFKDQLFDOSURSHUWLHVRIZHOGHGMRLQWIRU:+(VWHHOSODWH
6WDWH
5P
03D
)UDFWXUHORFDWLRQRI7HQVLOH
VDPSOHV
&ROGEHQGLQJWHVW
E D' D
.9LPSDFWHQHUJ\DWć-
:HOGPHWDO +$=
:HOGHG
:HOGHG65


EDVHPHWDO
EDVHPHWDO
TXDOLILHG
TXDOLILHG







)LJ:+(KDUGQHVVFKDQJHLQWKHZHOGHGMRLQWEULQHOOKDUGQHVVWHVWORFDWLRQIRU:HOGLQJMRLQWD:HOGKDUGQHVVGLVWULEXWLRQ
RIZHOGHGMRLQWEKDUGQHVVGLVWULEXWLRQRIZHOGHGMRLQWIRUZHOGLQJVWDWH65SURFHVVHG:+(SODWHF
5HVXOWVDQGGLVFXVVLRQ
4.1. Strengthening mechanisms for yield strength 
2SWLFDO PLFURVWUXFWXUHV RI :+( SODWHV IRU GLIIHUHQW VWDWH ZHUH IHUULWH DQG SHDUOLWH 7R XQGHUVWDQG WKH
FRUUHODWLRQ EHWZHHQPLFURVWUXFWXUHV DQG \LHOG VWUHQJWK WKH VWUXFWXUHEDVHG VWUHQJWK FDOFXODWLRQPRGHO LV XVHG WR
HVWLPDWHWKHWKHRUHWLFDOVWUHQJWK,WLVDVVXPHGKHUHWKDW\LHOGVWUHQJWK5H/RIWKHVDPSOHVFDQEHJLYHQE\DVLPSOH
:HOGPHWDOFHQWUH
FE
D
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VXP RI VWUHQJWKHQLQJ FRQWULEXWLRQ IURP LQGLYLGXDO FU\VWDO GHIHFWV WKDW DFW DV REVWDFOHV IRU GLVORFDWLRQ VOLS LQ WKH
IROORZLQJHTXDWLRQ>@
      V V31L$ Mn Si C NeL IN grain D pptR MPaV V V V V V       
:KHUH$LV3HLHUOV1DEDUURVWUHVV 03D>@ıV0Q6LıV31Lı,1&1ıJUDLQı'ıSSWDUHFRQWULEXWLRQVIURPVROLG
VROXWLRQ VWUHQJWKHQLQJ RI VXEVWLWXWLRQDO DWRPV VROLG VROXWLRQ VWUHQJWKHQLQJ RI LQWHUVWLWLDO DWRPV JUDLQ VL]H
VWUHQJWKHQLQJ GLVORFDWLRQ VWUHQJWKHQLQJ DQG SUHFLSLWDWLRQ VWUHQJWKHQLQJ UHVSHFWLYHO\ 7R FDOFXODWH HDFK
VWUHQJWKHQLQJFRQWULEXWLRQVVHYHUDODVVXPSWLRQVDUHWDNHQLQWRDFFRXQWDVGHVFULEHGLQGHWDLOEHORZ
4.1.1. Solid solution strengthening 
)RU IHUULWH DQGSHDUOLWH VDPSOHV LW FDQEHFRQVLGHUHG WKDW VROXWH FDUERQDWRPV LQ WKH IHUULWHPDWUL[FDQQRWEH
QHJOLJLEHDQGLWFDQEHFRQVLGHUHGWKDWVROXWHQLWURJHQDWRPVLQWKHIHUULWHPDWUL[FDQEHVPDOOLILWLVDVVXPHGWKDW
QLWURJHQDWRPVDUHDOPRVWSUHFLSLWDWHGDV9&1SDUWLFOHV7KHUHIRUHVROLGVROXWLRQVWUHQJWKHQLQJRIVXEVWLWXWLRQDO
DWRPVıV0Q6LıV31LLQWKLVFDOFXODWLRQFDQEHREWDLQHGE\FRQVLGHULQJWKHHIIHFWRI6L0Q3DQG1LDWRPVXVLQJ
WKHUHJUHVVLRQHTXDWLRQV>@
   V    Mn Si Mn Si MPaV  ˄PDVV ˅ ˄PDVV ˅  
   V    P Ni P Ni MPaV  ˄PDVV ˅ ˄PDVV ˅  
VROLG VROXWLRQ VWUHQJWKHQLQJ RI RI LQWHUVWLWLDO DWRPV ı,1&1 LQ WKLV FDOFXODWLRQ FDQ EH REWDLQHG E\ FRQVLGHULQJ WKH
HIIHFWRI&1DWRPVXVLQJWKH(T>@
     C NIN INf MPaV  u u   
:KHUHI,1LVSHUFHQWDJHRILQWHUVWLWLDODWRPVLWLVHVWLPDWHGWKDWI,1LV>@6LQFHWKHFKHPLFDOFRPSRVLWLRQV
RI6L0Q31L&1LQWKH9DGGHGVWHHODUHPDVVPDVVPDVVPDVVPDVV
UHVSHFWLYHO\HVWLPDWHGıV0Q6LıV31Lı,1&1DUHOLVWHGLQWDEOH
4.1.2. Grain size strengthening 
*UDLQ VL]H VWUHQJWKHQLQJıJUDLQ LV FDOFXODWHG IURPDQ H[SHULPHQWDOO\GHWHUPLQHG+DOO±3HWFK HTXDWLRQ IRUKLJK
VWUHQJWKORZDOOR\LQJVWHHO>@
 grain zd MPaV  u   
:KHUHG]LVDYHUDJHGLDPHWHURIWKHJUDLQ,WFDQEHVHHQLQVHFWLRQWKHUHIRUHWKHıJUDLQFDQEHFDOFXODWHGDQGWKH
HVWLPDWHGYDOXHVIRUıJUDLQDUHOLVWHGLQWDEOH
4.1.3. Dislocation strengthening 
)RUGLVORFDWLRQVWUHQJWKHQLQJFDOFXODWLRQWKHSURSRVHGHTXDWLRQ>@LVXVHG
 D b MPaV P U   
:KHUH ȝ LV VKHDUPRGXOXV RI SXUH LURQ *3D E LV%XUJHUV YHFWRU hPP ȡ LV GLVORFDWLRQ GHQVLW\
6LQFHȡLVOLVWHGLQWDEOHWKHFDOFXODWHGı'DUHOLVWHGLQWDEOH
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4.1.4. Precipitation strengthening 
)RUSUHFLSLWDWLRQVWUHQJWKHQLQJFDOFXODWLRQWKHSURSRVHGHTXDWLRQ>@LVXVHG
 

OQ
 ppt
x MPa
f
x
V 
§ ·
 ¨ ¸u© ¹
  
:KHUH I LV YROXPH IUDFWLRQ RI SUHFLSLWDWHV x LV DYHUDJH LQWHUSDUWLFDOH VSDFLQJ 6LQFH I LV OLVWHG LQ WDEOH WKH
FDOFXODWHGıSSWDUHOLVWHGLQWDEOH
4.2. Strengthening mechanisms for ultimate tensile strength 
)RUXOWLPDWHWHQVLOHVWUHQJWKFDOFXODWLRQWKHSURSRVHGHTXDWLRQ>@LVXVHG
  V V     Mn Sim P Ni IN C N Pearlite grain D pptR B V V V V V V Vc         
:KHUH%LVIULFWLRQVWUHVVRIVLQJOHFU\VWDOSXUHLURQ 03D>@ı¶V0Q6LıV31Lı,1&1ı3HDUOLWHıJUDLQı'ıSSW
DUH FRQWULEXWLRQV IURP VROLG VROXWLRQ VWUHQJWKHQLQJ RI VXEVWLWXWLRQDO DWRPV0Q 6L 1L 3 VROLG VROXWLRQ
VWUHQJWKHQLQJ RI LQWHUVWLWLDO DWRPV& 1 JUDLQ VL]H VWUHQJWKHQLQJ GLVORFDWLRQ VWUHQJWKHQLQJ DQG SUHFLSLWDWLRQ
VWUHQJWKHQLQJUHVSHFWLYHO\7KHSURSRVHGHTXDWLRQVIRUıV31Lı,1&1ıJUDLQı'ıSSWDUHOLVWHGLQ(T(T(T
(T(TWKHUHIRUHWKHFDOFXODWHGYDOXHVIRU5PDQGHDFKVWUHQJWKHQLQJFRQWULEXWLRQDUHOLVWHGLQWDEOH
4.2.1. solid solution strengthening 
)RUVROLGVROXWLRQVWUHQJWKHQLQJRIVXEVWLWXWLRQDODWRPV0Q6LVWUHQJWKHQLQJFDOFXODWLRQWKHHTXDWLRQ>@LVXVHG
  V      ˄PDVV ˅ ˄PDVV ˅V c  Mn Si Mn Si MPa  
4.2.2. Pearlite strengthening 
)RU3HDUOLWHVWUHQJWKHQLQJFDOFXODWLRQWKHHTXDWLRQ>@LVXVHG
 Pearlite Pf MPaV    
:KHUH I3 LV YROXPH IUDFWLRQ RI 3HDUOLWH LW FDQEH VHHQ LQ VHFWLRQ WKHUHIRUHıSHDUOLWH FDQEH FDOFXODWHG DQG WKH
HVWLPDWHGYDOXHVDUHOLVWHGLQWDEOH
4.3. Strengthening mechanisms for elongation 
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4.4. Strengthening mechanisms for impact energy 
)RU,PSDFWHQHUJ\FDOFXODWLRQWKHSURSRVHGHTXDWLRQ>@LVXVHG
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&RPSDULVRQ EHWZHHQ WKH FDOFXODWHG DQG H[SHULPHQWDOO\ REWDLQHG \LHOG VWUHQJWK XOWLPDWH WHQVLOH VWUHQJWK
HORQJDWLRQLPSDFWHQHUJ\DWć LVVKRZQLQILJXUH,W LVLQGLFDWHGWKDWJRRGDJUHHPHQWZDVREWDLQHGEHWZHHQ
H[SHULPHQWDO\LHOGVWUHQJWKDQGFDOFXODWLRQ)LJDWKHUHLVJRRGDJUHHPHQWEHWZHHQFDOFXODWLRQDQGH[SHULPHQWDO
XOWLPDWH WHQVLOH VWUHQJWK LQ DVUROOHG 1 DQG 1 VDPSOHV H[SHULPHQWDO XOWLPDWH WHQVLOH VWUHQJWK LQ 1
VDPSOHZDVODUJHUWKDQWKHHVWLPDWLRQ)LJEDQGWKHUHLVQRJRRGDJUHHPHQWEHWZHHQWHQGHQF\IRUH[SHULPHQWDO
HORQJDWLRQ  DQG FDOFXODWLRQİ7 )LJF DQG WKHUH LV QR JRRG DJUHHPHQW EHWZHHQ H[SHULPHQWDO &KDUS\ LPSDFW
HQHUJ\DQGFDOFXODWLRQ&Y)LJGWKHUHIRUHWKHVWUHQJWKHQLQJPHFKDQLVPRIHORQJDWLRQLPSDFWHQHUJ\VKRXOGEH
IXUWKHU LQYHVWLJDWHG ,W LV IRXQG WKDW JUDLQ VL]H VWUHQJWKHQLQJ  PHFKDQLVP LV PRUH REYLRXV WKDQ SUHFLSLWDWLRQ
KDUGHQLQJPHFKDQLVPERWKIRU\LHOGVWUHQJWKDQGXOWLPDWHWHQVLOHVWUHQJWK

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)LJ&RPSDULVRQEHWZHHQWKHFDOFXODWHGDQGH[SHULPHQWDOO\REWDLQHG\LHOGVWUHVVDXOWLPDWHWHQVLOHVWUHQJWKEHORQJDWLRQF&KDUS\
LPSDFWHQHUJ\DWćG
4.5. Welding performance of WH630E plate 
&DUERQ HTXLYDOHQW &(9 RI 1RUPDOL]HG :+( SODWH ZDV RQ WKH KLJK VLGH DQG LW KDV FHUWDLQ ZHOGLQJ
KDUGHQDELOLW\FROGFUDFNVFDQEHDYRLGHGZKHQWKHSODWHZDVSUHKHDWHGEHIRUHZHOGLQJSURFHVV7KH:+(VWHHO
SODWH ZDV ZHOGHG LQ PXOWLSDVV ZHOGLQJ SURFHVV WKHUH ZLOO EH IOXFWXDWLRQV RI FKHPLFDO HOHPHQWV DQG OD\HU
WHPSHUDWXUHIRUHYHU\VLQJOHSDVVZHOGLQJPLFURVWUXFWXUHRIZHOGLQJDUHDDQGLQQHUWKHUPDOVWUHVVLQGXFHGE\WKHVH
FKDQJHVEHFDPHPRUHGLIIHUHQW:KLOHWKHZHOGHG:+(SODWHZDVSURFHVVHGE\VWUHVVUHOLHIKHDWWUHDWPHQWWKH
PLFURVWUXFWXUH DQG FKHPLFDO HOHPHQWVZLOO EH XQLIRUP WKH LQWHUQDO VWUHVVZDV WKHQ UHGXFHG DQG WKXV WKH RYHUDOO
PHFKDQLFDOSHUIRUPDQFHRIWKHZHOGLQJDUHDVIRU:+(SODWHZDVLPSURYHG
4.6. The mechanical property changes for WH590E and WH630E plate 
5HTXLUHPHQWVRIPHFKDQLFDOSHUIRUPDQFHIRU:+(SURGXFHGE\:,6&2ZDVWKDW5H/03D5P03D
 .9ć - DQG LW ZDV DSSOLHG ZLWKLQ WKH WKLFNQHVV RI aPP DQG WKH UHTXLUHPHQWV RI PHFKDQLFDO
SHUIRUPDQFH IRU:+( SURGXFHG E\:,6&2ZDV WKDW 5H/03D 5P03D  .9ć - DQG LW ZDV
DSSOLHGZLWKLQ WKH WKLFNQHVV RI aPP&RPSDUHGZLWKPHFKDQLFDO SURSHUWLHV RI WKHVH WZR VWHHO JUDGH LWZDV
IRXQGWKDWVDPHWKLFNQHVVDQGWRXJKORZWHPSHUDWXUHLPSDFWHQHUJ\RIWKHSODWHVZDVUHTXLUHGIRUERWKRIWKHVWHHO
SODWH:KHQWKH WUDQVSRUWDEOH OLTXHILHGSHWUROHXPJDV WDQNFDUZDVPDQXIDFWXUHG WKHUHZLOOEHQHHGHG WRXVH
WRQVRI:+(SODWHVZLWKWKHWKLFNQHVVRIPPIRUWKHODUJHYROXPHWDQNRIPDQGLIWKH:+(SODWHV
E
F G
D
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ZLWKWKHWKLFNQHVVRIPPZHUHDSSOLHGIRUWKHVDPHYROXPHWDQNWKHZHLJKWRIWKHZKROHWDQNZLOOEHUHGXFHGE\
 WKURXJK RSWLPL]DWLRQ RI HQVHPEOH VWUXFWXUDO GHVLJQ DQG OLJKWHQLQJ RYHUDOO VWUXFWXUH WKHUH ZLOO EH PXFK
VWURQJHUFRPSHWLWLYHQHVVIRUWKLVNLQGRIWUDQVSRUWDEOHSUHVVXUHYHVVHO
&RQFOXVLRQ
0HFKDQLFDOSURSHUWLHVRIDVUROOHGDQGGLIIHUHQWQRUPDOL]LQJSURFHVVHG:+(SODWHVWKHLUPLFURVWUXFWXUHVDQG
ZHOGLQJSHUIRUPDQFHVZHUHFRPSDUHGDQDO\]HGDQGGLVFXVVHGLWZDVFRQFOXGHGWKDW˖
WKHDSSURSULDWHQRUPDOL]LQJSURFHVVFDQEHXVHGWRUHILQHIHUULWHJUDLQVL]HRIDVUROOHG:+(VWHHODQGWR
LPSURYHLPSDFWWRXJKQHVVDWORZWHPSHUDWXUHIRUILQLVKHG:+(SODWH
 ,Q WKH VWUHQJWKHQLQJPHFKDQLVPRI\LHOG VWUHQJWK IRUGLIIHUHQWQRUPDOL]LQJSURFHVVHG:+(VWHHOSODWH
WKHUHZDVVWURQJHUJUDLQUHILQHPHQWHIIHFWWKDQSUHFLSLWDWLRQKDUGHQLQJ
,QSUDFWLFDOSURGXFWLRQHIIHFWRIQRUPDOL]LQJSURFHVVRQWKHWHQVLOHDQGORZWHPSHUDWXUHWRXJKQHVVVKRXOGEH
FRPSUHKHQVLYHO\FRQVLGHUHGDQGDSSURSULDWHPHDVXUHVRIKHDWWUHDWPHQWVKRXOGEHWDNHQWRKDYHJRRGFRPSDWLELOLW\
EHWZHHQKHVWUHQJWKSODVWLFLW\DQGWRXJKQHVVDWORZWHPSHUDWXUH
:KHQWKHILQLVKHG:+(VWHHOSODWHZDVZHOGHGE\IROORZLQJSURFHVVHV˖SUHKHDWHGZLWKWKHWHPSHUDWXUH
QRPRUH WKDQćˈZHOGHGE\XOWUDORZK\GURJHQKLJK WRXJKQHVVHOHFWURGHZLWKZHOGLQJKHDW LQSXW HQHUJ\RI
aN-FPDQGKHDW WUHDWHGDWać IRU VWUHVV UHOLHI WKHUHZLOOEHJRRGPDWFKEHWZHHQSDUHQWSODWH DQG
ZHOGLQJMRLQWIRU:+(
:+(SODWHFDQEHXVHGWRDFKLHYHKLJKVWUHQJWKZDOOUHGXFWLRQDQGOLJKWZHLJKWIRUWUDQVSRUWDEOHSUHVVXUH
YHVVHODQGLPSURYHWKHPDUNHWFRPSHWLWLYHQHVVIRUWKLVNLQGRIVWHHOSODWHLQWKHHQHUJ\DQGFKHPLFDOLQGXVWU\
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